Abstract
Introduction

37
Terpenes are a large and diverse family of naturally occurring organic compounds that are a 
68
The World Meteorology Organisation (WMO) Global Atmosphere Watch (GAW) programme 69 is a framework to provide reliable scientific data and information on the long-term trends in ). This has led to observations that the amount fraction of some monoterpenes increase 87 overtime, including the observation of compounds that were not present when the mixture was 88 first prepared, while the amount fraction of others decline (Rhoderick and Lin, 2013) .
89
Moreover, cylinder passivation (the coating applied to the internal surface of a cylinder to 90 reduce adsorptive losses) has a big impact on the stability of monoterpene gas mixtures. 
Gravimetric preparation of PRMs
112
PRMs containing the four monoterpenes, α-pinene (both the minus and plus optical isomers), 
129
All 'pure' liquid compounds were purchased from commercial suppliers (Fluka and Sigma 93.5 and 99.5 % (Table S1 , supporting information).
135
A PRM of nominally 100 nmol mol -1 (mixture AA, see were thoroughly purged and flow rates were allowed to stabilise for at least 10 minutes before 157 commencing analysis.
159
The PRMs were connected to the GC using a minimal dead volume connector and the flow rate between two blocks of the PRM mixture to correct for any instrumental drift during analysis.
166
The observed relative standard deviations in the peak areas of all compounds were between 0.3 167 -1.5 %. and a pressure of 120 bar (cylinder 1) from a dilution of a 100 nmol mol -1 PRM (mixture AA).
180
Once a new PRM (cylinder 1) had been prepared at 120 bar (day 1), the mixture was analysed were normalised). All of the cylinders were evacuated and the decant procedure was repeated 189 for a second time.
191
All of the analyses were performed using GC-FID as described in Section 2.2. The amount 
Short and long-term stability study of monoterpene PRMs
220
To determine the short and long-term stability of the four component monoterpene reference 221 PRM, mixture BB was regularly analysed over a three month (75 day) period. GC peak area 222 responses of each terpene were ratioed to n-octane, which is known to be stable in this The method is based on permeation and subsequent dynamic dilution: a permeation tube 252 containing the pure terpene is stored in an oven used as permeation chamber. The pure 253 substance permeates at a constant rate into the matrix gas and can be diluted to give the desired 254 amount fraction. The mass loss over time of the permeation tube is precisely calibrated using 255 a traceable magnetic suspension balance. All parts in contact with the reference gas are coated 256 with SilcoNert2000®.
258
The ReGaS2 mobile gas generator was fitted with a limonene permeation tube and set to PRM (Eq. S1 -S4). the expected amount fraction based on gravimetric value of the mixture before any decanting.
286
Each decant was performed twice for each passivation type.
288 289
Decant losses of monoterpenes in the 10 L cylinders internally passivated with Air Products
290
Experis treatment were minimal (Tables S2 and S3) . No statistically significant differences 291 were observed, therefore it can be confirmed, in agreement with Rhoderick et al. (Rhoderick 292 and Lin, 2013) that Experis cylinders are the most suitable for containing monoterpene PRMs. were obtained (see Tables S8 and S9 for details of the elution times, FM and RM values and 330 Figure S1 for mass spectra). Indices were used to confirm the assignment of terpene compounds (Table S10 and Figure S2 ).
339 340 341
Figure 4: Typical chromatograms for a stable (pink) and an unstable (grey) terpene mixture.
342
The nominally 2 nmol mol -1 reference PRM, mixture BB (shown in pink) in an Air Products 
413
No statistically significantly trends were observed for the stability although higher than normal 414 relative standard deviations in the GC peak areas were observed (≤4 % for all components 415 except 1,8-cineole which was ≤ 8%). This can be attributed to changes in the flow of gas from 416 the canister samples during measurement due to the small volume and thus the decreasing 417 pressure of the gas contained. 
Comparison of dynamic and static PRM
428
Two SI traceable preparation techniques for producing reference gas mixtures were compared.
429
One was the preparation of static gravimetric PRMs, the other the generation of a dynamic to be 3.57 ± 0.11 nmol mol -1 of limonene with an expanded uncertainty of 2.9 % (k = 2).
437
The static PRM that was used in this comparison (mixture BB) was also one of the mixtures 
444
One of the reasons for the systematic bias between the two approaches can be attributed to the 445 temperature at which the permeator was operated, as the temperature was observed to have a 446 strong influence on the reproducibility of the permeation rate. At lower temperatures, such as 447 30°C (which was the temperature used for the comparison), the permeator does not reach a true 448 steady state and it was observed that the variability on the permeation rate for the same 449 temperature between two measurements was between 8 and 10 %. A shift in the permeation 450 rate of this magnitude coupled to uncertainties in temperature would be enough to compensate 451 for the systematic bias observed between the two approaches.
453
The second reason is the 15-20 % decrease in the permeation rate. To investigate this further was determined to be 35 % over this temporal period ( Figure S3 ) for the same temperature.
457
The measurement of the permeation rate in the magnetic suspension balance lasted between 458 two and seven days with an associated uncertainty between 0.5 and 1.5 % for one measurement 459 at one temperature thus suggesting that the uncertainty assigned to ReGaS2 during the 460 comparison was too low.
462
A decrease in the permeation rate of this magnitude coupled to the high uncertainties at such PRMs and that the amount fraction is not influenced by pressure between 30 and 120 bar.
477
The need for suitable storage and transport of PRMs into the field has driven us to investigate an uncertainty of 10 %, in line with GAW data quality objectives.
482
We compared the ReGaS2 dynamic mobile generator against high pressure static PRMs 483 gravimetrically prepared at NPL. It was found that the output of limonene from dynamic
484
ReGaS2 was 15 -20 % lower than calculated. These differences correspond to less than 0.5 485 nmol mol -1 and it has been suggested that the bias may be attributed to the reproducibility of 486 the limonene permeator at low temperature due to the permeation rate not reaching equilibrium. Hoerger, C. C., Claude, A., Plass-Duelmer, C., Reimann, S., Eckart, E., Steinbrecher, R., Aalto, J., 555
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